ABSTRACT This paper presents a study of wind speeds for heights of 100 and 120 m above Hera mountain which is located in Dili. The results of wind speed simulation from January to December 2014 are used as input data to estimate wind energy. The weather research and forecasting (WRF) model is used to simulate one year's wind speed for nesting domain 1×1 km at 100 and 120 m heights above Hera mountain. It is done using six-hourly interval 1 • × 1 • NCEP FNL analysis data for initial simulation. The system advisor model version SAM 2017.9.5 is used to estimate wind energy performance with the power purchase agreement (single owner) model. The results show the lowest average wind speed is 3.83 m/s obtained in November with an average monthly energy of 3.8 GWh for 100 m height and 5.57 GWh for 120 m height. The highest average monthly wind energy is 33.9 GWh obtained in January for 100 m height and 50 GWh for 120 m height when average wind speeds from both heights reached ±9 m/s. Finally, it is concluded that the WRF model performed with SAM is a good combination to simulate local wind speed and wind energy for local consumption.
I. INTRODUCTION
Timor Leste is a new country located in Southeast Asia which just got its independence restoration on 20 May 2002. As a new country in the 21st century, this country is still undergoing development in many areas, and particularly planning of construction for power plants has become one of the main targets. Since 2012 under government policy, two diesel power plants of output power 120 MW and 136 MW [1] which use heavy oil to generate electricity have been applied and implemented to distribute electricity to consumers. However, these two power plants will not be enough to supply energy to consumers in the near future due to an increasingly fast-growing population, an increasing number of households and building construction will cause energy demand instability. Therefore, renewable energy such as wind energy in this new country will be a better choice to deal with energy demand in the near future.
Timor Leste so far has conducted censuses three times -the first was done in 2004, the second in 2010 and the last census was in 2015 [2] . These censuses aim to collect and analyze the The associate editor coordinating the review of this manuscript and approving it for publication was Weixiang Shen. number of people and households for all districts, and particularly in Dili as the capital which has recorded the highest number of households compared with the other districts. Dili capital has six sub-districts -Atauro, Cristo Rei, Dom Aleixo, Metinaro, Nain Feto, and Vera Cruz, Atauro sub-district being an island separated by the sea. The government statement in 2015 explains further that the district of Dili continues to have the highest percentage of the population with 21.67 percent of the national count [3] . TABLE 1. shows data on the number of households for each sub-district in three censuses (2004, 2010 and 2015) . These numbers of households were used to simulate energy demand in Dili.
Nowadays, energy consumption per household has become one of the largest energy users as energy is consumed almost every day. [4] . The three censuses annual energy output is higher by about 30 GWh compared with the actual energy forecasting. This means that the annual energy consumption of households will continue increasing higher than the actual energy forecasting with the increasing number of households in the next census.
With energy consumption rising rapidly as shown in the graph, a study about energy supply in order to stabilize energy consumption has become one of the targets. It is important to apply and implement a study of renewable energy technology such as wind and solar energy soon in order to meet energy demand in Dili. During the past decade, renewable energy such as wind and solar energy conversion system have been paid attention due to environmental concerns and energy production as it is clean renewable energy which has become the most promising new energy [5] , [6] . In this case, wind energy systems which use wind turbines to convert wind to electrical energy through generators could be adjusted based on wind speed for a location. The wind speed, the wind farm area, terrain morphology, and design blades are several important factors to survey wind turbines wake effects before construction of wind power plants [7] - [11] and it is a fast-growing industry to meet large energy demand for better modeling and control of wind turbines. A study of wind systems such as wind speed and output of wind energy in high locations such as mountain areas aims to pinpoint high wind speed for energy production. Meanwhile, the operation and maintenance cost (O&M) including capital cost also take account for various forms of power generation. The two metrics of Levelized Cost of Energy (LCOE) and Power Purchase Agreement (PPA) are commonly used to predict the cost of energy including the Internal Rate of Return (IRR) and payback period. The electricity produced and the capital cost from a number of wind turbines which depend on local wind climate have been developed to analyze the long-term cost of wind energy. An analysis of wind energy and the cost of energy for long term period will help to analyze the impact on economics from wind turbines installation, and a variety of wind turbines models can contribute to reducing the cost of wind energy for a long-term generation. With long-term output wind energy data, an analysis of prediction can be made easier to understand the impact and planning of wind farms. Three main factors such as investment cost, operation and maintenance cost (O&M), and the actual amount of electricity generated from a number of wind turbines are important keys to analyze the cost of energy for a long-term period. The wind energy system [12] , [13] has become one of the best solutions to resolve energy demand in the world and it is particularly very important for a country which is still undergoing development like Timor Leste.
This study presented the complete 12 months longindependent simulation for the year of 2014 aiming to avoid model divergence and the accumulation of truncation errors. The variables of weather such as temperature, wind speed, pressure, wind direction, rainfall, and solar radiation have become mostly implemented in the form of Typical Meteorological Years (TMY) [14] for a chosen location.
Several studies have been also conducted for one calendar year simulation for the purpose of obtaining wind speed and wind energy simulation results for analysis. Giovannini et al. 2014 [15] conducted a study for one-year-long numerical simulation in 2009 with Weather Research and Forecasting (WRF) model to investigate the influence of the spatial resolution of the simulation on the accuracy of the simulated wind velocity over the Trentino region in Italian, in order to validate with the dataset from the surface weather station. Shan et al. 2016 [16] conducted one-year-long simulation for the year 2010 using the mesoscale meteorology model weather research and forecasting (WRF) with model domain covering all of East Asia to predict PBL height in the biomass burning season over IC whereas this study simulated wind field very well characterizing the observation with a horizontal resolution of 36 km at the surface and 700 hPa level from March to April. Mattar et al. 2016 [17] also conducted a study to simulate wind fields at the regional level by means of the Weather Research and Forecasting (WRF) model. This study conducted different heights of 20, 30, 40, and 140 m.a.s.l for a spatial resolution of 3 × 3 km with the time period from February 1, 2006 , to January 31, 2007 . This study presented the first estimate of offshore wind power potential for the central coast of Chile as emerging renewable energy that is as yet still under-developed regarding Chile's true renewable energy potential.
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Bruck et al. 2018 [18] used Levelized Cost of Energy (LCOE) and Power Purchase Agreements (PPAs) to evaluate the cost of energy from a wind farm where it indicates that the cost of energy is a major concern for the electric power industry. This study proposed a new model LCOE to address energy delivery limits defined by PPA. In addition, the proposed LCOE model can be used to help determine the best options for energy delivery limits imposed by current PPAs.
Ali et al. 2017 [19] presented a study of wind energy potential analysis at three different locations in South Korea. This study used five different wind turbine to evaluate the performance of each wind turbines by estimating power production and annual energy production for long term periods: 5 years, 10 years, 25 years and 50 years. This study also performed an analysis of various wind turbines height on the economics for each location.
The objectives of this study are to know wind speed and output wind energy at 100 meters and 120 meters heights and analysis relationship between wind speed, wind power, wind energy, and cost of energy for long-term period above ground level on a mountain area in Dili Timor Leste from a combination of a very well-developed model and an often used model, WRF and SAM, respectively. It is necessary to know the annual wind speed range for a location. A spatial resolution of 1 × 1 km from WRF nesting model simulation combined with SAM model estimation for one calendar year in 2014 was able to obtain results of wind turbine efficiency. However, it appears not feasible to perform for several years simulations with such fine resolution due to the high computational cost of the runs. In order to overcome the weaknesses of observed data in this study, particularly in capturing the wind speed at a high location, the simulation will take advantage of analysis data from NCEP-FNL assimilated in two outer domains, while for validation in this study, observation data will be assimilated in the inner domain. Meanwhile, this study attempts to use the variety of WRF physics parameterization options for configuration in order to investigate the performance of selected parameters for the simulations. This paper is organized as follows. Section 2 of the paper describes the study area and location of the weather station which is used for validation. Description of methods and error evaluation are described in Section 3; in particular, this paper presents the implementations of WRF and SAM configurations used in this work, the post-processing method and four error evaluation metrics. The results of this work are presented in Section 4; a discussion about the performance of the two models, error analysis and comparison data. Finally, a summary of the results and conclusions are given in Section 5.
II. STUDY AREA
In this study, simulation of wind speed area was conducted on Hera mountain (latitude: 8 • 33 31.20 S, Longitude: 125 • 39 27.70 E). Hera is part of Metinaro sub-district which is located 12.4 km east of Dili and it is surrounded by a mountain area with humid and hot weather all year. This area was chosen for its proximity to Dili, and Hera diesel power plant (Fig.2a) . This study is an initial step to the understanding potential of wind speeds for construction of wind 35384 VOLUME 7, 2019 energy systems based on a report from the U.S. Department of Energy (DOE) [20] . Results of the analysis of wind speed simulation above the mountain during one calendar year were used as input data to estimate output of wind energy using a system model. The purpose of this study is to analyze daily wind speeds for 100 meters and 120 meters heights above the ground mountain area in order to know the monthly output of 100 meters and 120 meters wind energy for one calendar year. Meanwhile, the proposal of this study is to assume that the wind turbine will be connected to the grid from Hera diesel power plant (120 MW) in order to stabilize energy demand in Dili. This simulation itself was done using Intel(R) Core(TM) i7-7700 CPU @ 3.60GHz computer, 8 GB of RAM on Linux Ubuntu 16.04 LTS 64 bit operating system. This present study will use wind speed at 10 m height to validate with a weather station in Hera Campus during the weather period from 21 March to 25 March 2014. (Fig.2c) . The weather station with a type of WXT530 Vaisala is used to measure wind speed, wind direction, and temperature with interval output of 5 minutes of data. However, only wind speed data are used for validation since this study is focusing on local wind speed in order to know the local wind power output.
III. METHODOLOGY A. DESCRIPTION OF THE NUMERICAL MODEL
There is a number of atmospheric models that can be used to simulate wind speed, but in this study, the Weather Research and Forecasting (WRF) [21] model was used to simulate one year's wind speed and wind direction including temperature and pressure in an interesting area. The advantages of using this model are that we can run a simulation to get atmospheric research data and combine with the data assimilation globally or regionally. Meanwhile, this model can also be used to run a simulation in many scales from meters to kilometers above the ground. For estimated output of wind energy, this study used the System Advisor Model (SAM) [22] which contains a number of wind turbines and their characteristics. The biggest advantage of using SAM is it is easy to run and very useful to facilitate a beginner to run a simulation for renewable energy such as wind energy and solar energy. Because no one has ever used these two models in Timor Leste, it is very important to start to apply and implement them in order to help the government make policy decisions about renewable energy construction in the near future.
The Weather Research and Forecasting-Advanced Research WRF (WRF-ARW) model is a mesoscale numerical weather prediction platform developed by the National Center for Atmospheric Research (NCAR), the National Oceanic and Atmospheric Administration (NOAA) represented by the National Centers for Environmental Prediction (NCEP) and the Forecast System Laboratory (FSL), the Air Force Weather Agency (AFWA), the Naval Research Laboratory, the University of Oklahoma, and the Federal Aviation Administration (FAA). WRF can simulate atmospheric data using observed data or/and idealized conditions.
The WRF-ARW model version 3.8.1 was used in this study and six-hourly interval 1 • × 1 • spatial resolution of NCEP FNL (Final) Operational Model Tropospheric Analyses continuing from July 1999 data obtained from NCEP FNL website (https://rda.ucar.edu/datasets/ds083.2/) were used as Global Forecast System (GFS) data with 00 UTC, 06 UTC, 12 UTC, and 18 UTC dataset as initial and lateral boundary conditions for the simulations. These data are default containing land cover dataset based on the U.S. Geological Survey (USGS) 24 category land-use at 26 mandatory levels from 1000 millibars to 10 millibars. Its containing parameters of weather such as temperature, u-and v-winds, surface pressure, sea level pressure, geopotential height, sea surface temperature, ice cover, relative humidity, vertical motion, vorticity, and ozone. The simulation was carried out for one year in 2014. For the numerical simulation, a model run was initiated at 12:00 UTC on 31st December 2013 corresponding to 21:00 LST on 31st December 2013. The initial time of forecasting was 21:00 LST (12:00 UTC) where the Local Standard Time (LST) in Timor Leste is UTC+9h and the forecasted data computed are 3 h after the initial time of forecasting were used for validation in this study. This numerical simulation was done using history interval settings to 60 minutes with the first 15 h used as the spin-up time for the model. Table 2 . shows the schematic of the WRF forecasting time used in this study. WRF model performed with various configurations such as grid resolution and spacing, level of nesting, time resolution invariant data and geographical shifts has been tested in domain centers. In order to stabilize the computation of WRF model, the magnitude of coarsest grid distance (in kilometers) is divided by 3 in each nest in order to maintain a ratio of 1/3 as suggested by Skamarock et al. 2008 [21] . WRF model allows horizontal nesting resolution in order to focus on a particular region by introducing finer grids in the simulation. This model supports one-way and two-way grid nesting techniques to interact with a fine domain and a coarse. This technique option, including initial and lateral boundary conditions, are provided by the parent domain with input from higher resolution. The inner grid domain must be small in order to increase the speed of the simulation more accurately and efficiently. Table 3 . shows detail nesting domain configuration of WRF performance parameters. Fig. 3a . shows the configuration of three two-way-nested domains used in this simulation from west to east and south to north for horizontal grid resolution 9000, 3000 and 1000 m with grid size 86 × 68 as parent domain (d01), 88 × 88 as 1st nested domain (d02) and 100 × 100 as innermost domain (d03). Fig. 3b . shows the view of terrain height from domain d03. It also covers an area of wind speed simulation for some other districts: Aileu, Ainaro, Same and Manatuto. This simulation applied Mercator projection for Timor Leste region, which is particularly suited for domains located within the tropical belt around the equator. For WRF physical configuration, this simulation used Single-Moment 5-class scheme for microphysics [23] . The WRF-Single-MomentMicrophysics class 5 (WSM5) which considers the cloud water, cloud ice, rain, and snow allow supercooled water to exist and melting of snow falling below the melting layer. Meanwhile, this scheme shows well the performance on regional climate in terms of long-range forecasting. General circulation model (GCM) for the Rapid Radiative Transfer Model (RRTMG) was used for longwave (LW) and shortwave (SW) radiation [24] , [25] . RRTMG is a new scheme modified from RRTM scheme which has been developed for regions to reproduce line-by-line results. This scheme can be directly applied to general circulation model (GCM) to retain the highest accuracy for single-column calculation and provides better efficiency with minimal loss of accuracy for GCM applications. Meanwhile, this new scheme shares the same basic physics and coefficients of absorption as RRTM to improve the efficiency of computation, to update the code formatting and to represent subgrid-scale cloud variability. Monin-Obukhov MM5 similarity theory was used for the surface layer [26] . This theory has used the framework to compute the surface turbulent fluxes. It also provides a surface layer within the information of the profiles that are used to diagnose meteorological variables such as wind at 10 m or the temperature and moisture at 2 m. Noah Land Surface Model was used for the land surface. Noah LSM is a major result collaborative effort among NCEP, NCAR and AFWA input data to evaluate the performance and the impact of land surface coupled with WRF model simulation. This model has some improvements such as time-varying snow density and snow roughness length, patchy snow cover, frozen-ground physics, and some additional background fields like maximum snow albedo, etc. Yonsei University scheme was used for the planetary boundary layer [27] . This PBL scheme is first-order use to express the turbulent fluxes and the vertical gradient of the mean variable. This simulation used a YSU PBL with topographic surface wind correction enable from Jimenez (YSU-TOPO) to produce a realistic structure of the PBL in response to an idealized daytime variation of surface heat and moisture fluxes. However, the cumulus parameterization in this study was turned off because theoretically, it is only valid for parent grid sizes greater than 9 km. Plotting forecast of wind speed for its grid points and its variable uses NCL (NCAR Command Language) programming language version 6.5.0 [28] .
System Advisor Model (SAM) is a numerical model designed to make predictions and estimate economics for stand-alone or grid-connected electric power projects of renewable energy technologies. In addition, this model is designed to analyze the financing and performance of renewable energy for the electricity generation such as wind system, photovoltaic systems, solar thermal troughs, power towers, dish-Stirling systems, biomass, geothermal systems, and a simple thermal power plant model. SAM was first developed in 2006 by the National Renewable Energy Laboratory (NREL), in conjunction with Sandia National Laboratories, the University of Wisconsin, and in partnership with the U.S.
Department of Energy (DOE) Solar Energy Technologies
Program, and other organizations aim to help the researchers to simulate the financing and performance of renewable energy. SAM version 2017.9.5 was used in this study to calculate the financing and performance of wind energy output installation in 2014. This model uses an hourly performance model to estimate and calculate the total annual electricity production in kilowatt-hours of a power system, the financial and cost of generating electricity based on the information of location, the type of wind turbine including installation, and operation costs for wind farm project. Meanwhile, various financial data such as system specifications, incentives, and interest rates can be calculated using the SAM model. It then reports the performance and financial metrics in graphs and tables, which can be used for further analysis. This kind of model can be used to simulate the electricity load of a wind generator based on one-year climate data including finance estimation for a long term analysis. The 8760 hours from 1st of January to 31st of December 2014 climate input data such as temperature, pressure, wind speed, and wind direction were obtained from WRF-ARW model simulation from domain d03 at 100 meters and 120 meters height above ground level in the Hera mountain area. In this study, a type of wind turbine design characteristic was used to run estimation for monthly minimum and maximum wind energy output. This model of wind energy estimation used performance of PPA (Power Purchase Agreement) Single-Owner with hub height 100 meters and 120 meters wind turbines with a shear coefficient of 0.14. Wind resource indicates how the data is obtained for the model. The PPA (Power Purchase Agreement) Single-Owner model was chosen for estimation as this can determine the payback period of the installed capital cost and the profitability of the project. This model also can specify a target for the Internal Rate of Return (IRR), specify a debt-service coverage ratio (DSCR), and calculates the debt fraction including net present value. The power purchase agreements of this model are critical to the success of a wind project which offers a predictable cost of energy with reduced exposure to fuel price volatility. In this study, the data of a weather file with 8,760 hourly were obtained from WRF model simulation. Wind farm losses and wake model variable use turbulence coefficient values as input to calculate losses, and they are suitable for most analysis in SAM in order to allow for comparison with implementations in other software. The simple wake model is an adaptation of a model to estimate the reduction in wind speed at a downwind turbine due to the wake of an upwind turbine. For the remaining input variables for the wind farm construction, the turbine cost including a balance of system costs and operation and maintenance (O&M) costs use default values as the starting point for the wind farm project. The internal rate of return (IRR) target, power purchase agreement (PPA) price escalation, analysis period, inflation rate, real discount rate are commonly used for analyzing financing models. Since site terrain is changed to the mountainous area, by applying cut-in wind speed of 3 m/s and cut-out wind speed of 25 m/s aim to obtain more generate electricity from wind turbines. The information with each turbine size such as capacity, hub height, tower design, rated power, rotor diameter, and the swept area is perpendicular to the wind direction that the rotor will cover during one complete rotation. Meanwhile, turbine parameters consist not only of turbine size informations, but also turbine operating characteristics such as maximum rotor capacity (Cp), maximum tip speed, maximum tip-speed ratio (TSR), time of delivery factors, degradation rate, incentives, tower design and drive train design are characteristics that are specific to the turbine and independent of wind characteristics [29] . Table 4 . shows more characteristics of SAM configurations. This paper also presented a study about SAM estimation for the evaluation cost of energy from both height turbines for Power Purchase Agreement (PPA) structure. The PPA structure will define all terms of wind farm project's construction, operation and maintenance, insurance, the interconnection and grid, the involvement of government to the wind farm project, and any other third party which takes involvement in the project [30] . In this study, the two structures of PPA such as Levelized Costs of Energy (LCOE) and PPA price were used for comparison purposes. LCOE is the most common metric used to express the capital cost and operation and maintenance of wind power generation [31] . LCOE has five important parameters such as the installed capital cost, the annual operating expenditures, the net annual VOLUME 7, 2019 energy production, the discount rate, and operational life are expressed to Equation 1.
where: LCOE = levelized cost of energy ($/MWh) FCR = fixed charge rate (%) ICC = installed capital cost ($) AOE = annual operating expenses ($/year) AEP net = net annual energy production (MWh/year) PPA price is commonly used to present the cost of energy from the wind power system and it is calculated using the LCOE. In this study, the default financial values were used for comparison purposes from both height wind turbines and as it noted that increasing and decreasing financial values will also affect to the cost of LCOE and PPA prices. NREL's System Advisor Model (SAM) was also considered about the impacts that the specified IRR on the PPA purchase price with varied between 9 and 15% [31] .
Meanwhile, the wind energy conversion system from wind kinetic energy into electrical energy has become the most important part of the wind farm project. The wind turbine, generator, interconnection apparatus, and control system are some components of the wind energy conversion system to transform kinetic energy of wind to electrical energy. The wind power available in the wind field can be expressed as below:
where P wind is power (w) of the wind, ρ is air density (kg/m 3 ) with the standard value of 1.0225 kg/m 3. And wind speed v (m/s) is blowing through the swept area A (m 2 ) comes from the rotor disk that perpendicular to wind flow.
B. ERROR EVALUATION
In order to evaluate accuracy between observed data from the weather station and simulated data from WRF, two of three widely following Diagne et al. [32] were used to show the accuracy of models such as root mean square error (RMSE) and mean bias error (MBE). Mean Absolute Percent Error (MAPE) and Symmetric Mean Absolute Percent Error (SMAPE) [33] are two of the most used measures of forecast accuracy for percentage and as it noted from Syntetos (2001) [34] that SMAPE is always equal to two for a zero actual or observed value, which in this study, some values of wind speed from observed data in Hera campus weather station are zero, regardless of the forecast that is used.
where n is the total number of points to compare (in which both the observed and simulated values exist), pred represented WRF simulated data from domain d03 and obs represented weather station observed data. Respectively, these two metrics are especially for measuring the dispersion of model (RMSE) and average bias (MBE) and two accuracy percentage error calculation: MAPE and SMAPE.
IV. RESULTS
The wind speed simulated by the WRF model was plotted together with weather station observed data for comparison. Fig.4 shows the comparative results of wind speed between WRF simulated data from domain d03 and weather station observed data in Hera campus for 5 days from 21st to 25th March 2014. Forecasting of increasing and decreasing wind speed is always affected by increasing and decreasing pressure. When the direction of the wind was at a high degree, it caused the wind speed to become low. These correspond to the peak of wind speeds which can be found on the 23 March and 24 March, where the wind speeds were around 4.5 m/s and reached almost 5 m/s at 5 pm for a short period. In this case, the wind speed of WRF simulated data from domain d03 was slightly different with weather station observed data which may be caused by: • The location of the weather station in Hera campus being surrounded by the higher buildings. In addition, measurement of the wind direction blowing from/to weather station is influenced by the location of buildings in Southside and Northside.
• The height of wind measurements data obtained from the weather station being approximately 10 feet above the ground level may cause the wind direction data to not be recorded very well for comparison with 10-m wind direction from the simulated data. Since wind direction changes with the height above ground will make it difficult to achieve good accuracy with the model.
• Another point is that the nearest grid point wind direction is 100 • different from the simulated data, this may cause the 35388 VOLUME 7, 2019 difference between the simulated data and the observed data wind speed on the surface.
•The high wind speed reached ±2 m/s at night time on 22 March until 25 March from WRF simulated data caused by the pressure decreasing from 1000.34 hPa to 998.04 hPa at night time.
Although this study had been validated against the observations data with the distributions of wind speed had a small difference with the modeled values, the instantaneous values can vary dramatically. From the above analysis, this study is clear that the wind speed is used to analyze and construct a prediction model based on past values. Table 5 . shows the accurate error results between WRF simulated data from domain d03 and weather station observed data for 10-m wind speed.
The RMSE, MBE, MAPE, and SMAPE between WRF simulated data from domain d03 and weather station observed data are represented in Table 5 . According to the Table 5 , the WRF simulation that used NCEP-FNL as initial and boundary conditions show the RMSE and MBE of 10-m wind speed are positive values where it indicates a tendency of estimate these two variables. In this case, this means that when the actual or observed values are zero will cause the error to become higher. In order to understand more clearly, plotting of hourly data of wind speed at a height of 10 meters above Hera mountain from domain d03 will be more appropriate to understand minimum and maximum wind speed. Fig.5 plotting shows three-hourly wind speeds at 10-meter heights above Hera mountain on 24th of March 2014 in the early morning at 03 LST, morning at 06 LST and 09 LST, noon at 12 LST, daytime at 15 LST, the night at 18 LST and 21 LST and late night at 24 LST. It shows that during the early morning time to late night the range of wind speed in this day was around 0.3 m/s to 15 m/s. Fig.5 plotting shows the wind speed was increasing from 13 m/s in the early morning time and continued to have high wind speed 12.75 m/s at noon and continued to have 12 m/s high wind speed in the daytime but increased to ±15 m/s in the 21 LST night time until late night time at 24 LST. Here we can see that wind speed on Hera mountain area had high wind speed above 12 m/s in the daytime and continue high wind speed in the night time.
Wind energy resource at 100 meters and 120 meters above the Hera mountain area along with the characteristics of wind turbines were analyzed based on one calendar year wind speed data in 2014. Wind energy study is commonly conducted at the height of the hub of the wind turbine itself in order to generate electricity for the grid. Different time series in terms of hourly and daily wind speed simulation can contribute to an analysis of the value of results of a simulation, and an analysis of the statistics on the wind speed simulation in 2014 can be considered as meteorological year data. In the case of wind speed studies over many years, many researchers have conducted and run prediction of energy output of wind energy at different heights such as 10 meter or 30 meters for a region [35] , [36] . Evaluation of the wind energy potential of the studied region can be adequate for local consumption.
Generally, wind farms are always using forecasting of wind speed to estimate the wind power. This paper also presented results of the relation between wind speed and wind power as seen in Fig.6 (a) and 6(b). Daily wind speed simulation with the minimum and maximum is beneficial to evaluate the performance of wind energy before construction. Fig.6(c) and 6(d) show results of one-year simulation in 2014 with the average of wind speed and average wind energy has generated by wind turbine systems at 100 meters and 120 meters heights above Hera mountain area. The minimum of average wind speeds at 100 meters height observed in months of June, August and November which have the average of wind speed 3.68 m/s, 3.67 m/s and 3.83 m/s respectively generated average monthly energy from 5.1 GWh, 4.57 GWh to 3.8 GWh of electricity. Meanwhile, the maximum average wind speeds at 100 meters were observed in January and February from 8.52 m/s and 8.51 m/s respectively generated 33.9 GWh and 31 GWh of electricity to the grid. Meanwhile, minimum average wind speeds at 120 meters were observed also in the months of June, August, and November which have the average wind speed 3,68 m/s, 3.67 m/s and 3.83 m/s respectively generated average monthly energy from 7.64 GWh, 6.72 GWh to 5.57 GWh of electricity to the grid, and the maximum average wind speeds at 120 meters were also observed in January and February from 8.52 m/s and 8.51 m/s respectively generated 50 GWh and 45.8 GWh average monthly energy output.
A study of minimum and maximum wind speeds becomes the main factor for wind farms. It is because there are many types of wind turbine that only work to produce energy according to the minimum and maximum wind speed itself. This study shows maximum wind speeds around Hera mountain area for some months in 2014 almost reaching ±14 m/s (>12 m/s) where it can be categorized into one of the strong wind speed locations in Dili. In some cases, several studies show daily minimum and maximum of wind speed are always affected or influenced by minimum and maximum temperature and pressure for a location. Based on the result of monthly average wind speed and wind energy as shown in Fig.6 (c) and 6(d) from one year simulated data in 2014, the calculation of output for annual wind energy was also done using SAM model to analyze energy production for a 25 year period. The result of estimation shows the annual energy production from a wind turbine system at 100 meters height for a 25 year period is almost the equivalent of 138 GWh and the annual energy production from wind turbine system at 120 meters height for 25 years long period is almost 204 GWh. This study found that by running wind speed above Hera mountain area at 100 meters height and 120 meters height to obtain wind energy is enough to supply electricity in order to stabilize energy demand in Dili Timor Leste.
The one calendar year of WRF simulated data was used as input data to configure with some parameters of the initial cost of the wind turbine system was simulated by the SAM model. Table 6 shows the results of comparison between LCOE and PPA price for both nominal and real cost estimated by NREL SAM. The results show that the cost of energy of nominal PPA price and real PPA price from both height wind turbine are ±2 cent/kWh higher than nominal LCOE and real LCOE. It was also compared the cost of 120 meters wind turbines for LCOE and PPA Price from both nominal and real is ±0.70 cents/kWh higher than the cost for LCOE and PPA price of 100 meters heights wind turbines. The ability of SAM to evaluated the difference between LCOE and PPA price by having the PTC available as an incentive or not having the PTC could affect the cost of energy. Without the PTC, the cost of LCOE and PPA price from both height wind turbines will be more increase about ±2 cent/kWh compare with having the PTC. SAM is also considering the effect of having or not having PTC to IRR at the end of the project, where not having the PTC then the IRR will increase from 13.00 % to 13.48%.
V. CONCLUSIONS
The use of numerical weather prediction (NWP) such as WRF model to obtain wind speed aims to know wind energy purpose in itself. Several case studies show most wind turbines are applied and installed above a mountain area because the wind blowing above the mountain area is categorized into high wind speed in order to produce high wind energy output. In this study, since there is a lack of information from observed data for one year above Hera mountain area, applying WRF model to know the minimum and maximum wind speed for one calendar year is one option to analyze the performance of wind speed. Meanwhile, due to a lack of weather stations in Dili, the observations data from Hera campus were chosen for its proximity to the Hera mountain as the pinpoint of the study area, as well as its eastern location within the modeling domain. The performance comparison of weather station data in Hera campus may be explained by the fact that the wind has a circular nature, hence the experienced problems around the singular point.
This study also highlights that it is not possible to predict the wind profile sufficiently while using only observations at one measured point, and there is a possibility to improve the wind prediction if there is at least one more observation point. Although the difference in quantitative performance between the observed data and the simulated data is relatively small, it makes a significant understanding of wind profile for comparison purposes. The five days data observed on 21 March to 25 March 2014 were selected as the proper data from the weather station for validation because of data from the other days were corrupt, caused by the electricity in Dili was found to be unstable, causing limitation of data generated by the weather station. Applying NCEP-FNL as input dataset is because this dataset is usually available in a day for free download. Meanwhile, this dataset shares characteristic of atmospheric model and its configuration to assimilate a higher amount of observed data, drives wind speed distribution closest to the measured wind data and conducts simulations to the lowest errors for the metrics. For estimation of wind energy, SAM model needs one year weather input data to estimate minimum and maximum wind energy in order to meet energy demands in Dili. The analysis of LCOE and PPA price presented in this study are valuable points in understanding the capital and operational expenses associated with wind energy production for long-term period. Meanwhile, improving the understanding about operational life, installed costs, environmental costs and any others factors could help to analyze the LCOE components and PPA elements in order to better equip sellers and buyers based on project objectives and requirements. Knowing concrete information about the number of households in Dili will help to analyze energy demand and the increasing number of households year by year indicate increasing energy demand. The performance of these two models (WRF and SAM) in Dili-Timor Leste regarding wind speed and wind energy forecasting is reliable as it is supported by the results of comparison between observed and simulated data showing small error from the two metrics of RMSE and MBE. It is also supported by the results from the combination of the two models which generated sufficient electricity as additionalenergy-generator for supporting the main generators.
The consideration of this paper is that the analysis of wind speed simulation and wind energy estimation from two characteristic wind farms at 100 meters and 120 meters heights performed in this study around Hera mountain area can be used as a decision maker for the Timor Leste government concerning planning of wind farm project for large energy construction based on the yearly state budget since the two diesel power plants will not be able to supply enough electricity to consumers in coming years. The conclusion of this study is applying installation and construction of a wind energy system in Dili around Hera mountain area as additional-energy-generator will be one solution to deal with energy demand in Dili in the near future. For future research, this study will focus also on one-year solar radiation (solar direct and solar diffuse) which aims to know the output of solar energy using the same models (WRF and SAM). In the near future, this study will also continue to use and conduct wind speed simulation with six different input datasets -ERA-Interim, NCEP-GFS, NCEP-CFSR, NOAA-NOMADS, NASA-MERRA and NCEP-R2, where ERA-Interim reanalysis data are the most one provides the best estimation of local wind speed and wind energy production for local consumption.
APPENDIX A
Data presented in this article are supplementary material to the research article entitled ''WRF wind speed simulation and SAM wind energy estimation: A case study in Dili-Timor Leste''. This article contains the data of the Timor Leste region. Data are useful for understanding wind forecasting in different height above the ground level on mountain area. In addition, simulated data were compared with the weather station data for well-understanding.
A. DATA
By focusing on mountain area in Hera which located eastern of Dili, Timor Leste region, the present study highlights the wind forecasting. This article concentrates on 100 meters and 120 meters heights for wind speed in order to know the wind energy from these both heights for 8760 hours analysis. It also presents the results of annual wind energy, the cost of energy (LCOE and PPA price) and internal rate of return (IRR).
B. EXPERIMENTAL DESIGN, MATERIALS AND METHODS
To obtain the results of output wind speed and wind energy for 100 m and 120 m heights above mountain area in Hera, this study use two models for simulation and estimation: Weather Research and Forecasting (WRF) model and System Advisor Model (SAM) running on Intel(R) Core(TM) i7-7700 CPU @ 3.60GHz with Linux Ubuntu 16.04 64 bit operating system. Data obtained from weather station were used for comparison purpose. Respectively, Table 1 Value of the data
• The data presented in this study might be used of other researchers who may need this data to compare with other forecasting models.
• By using the data described in this study, other researchers may easily understand a method with high efficiency for their practical application.
• All data available here can help with testing the forecasting model and the use of these data can be used also to analyze the performance of the forecasting model for other researchers.
APPENDIX B
Table 1-8 of Appendix A.xls. shows data on Hera campus, the output of results generated by WRF and SAM at 100 meters and 120 meters heights. SCRIPT_HEIGHT.ncl is computer code used to simulate wind speed at 100 meters and 120 meters heights.
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